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INTEGRATED CIRCUIT HAVING CAPACITIVE ELEMENTS 



Cross-Ref erence to Related Application : 

This is a continuation of copending International Application 
No. PCT/DE99/03829, filed December 1, 1999, which designated 
the United States. 

Background of the Invention : 
Field of the Invention : 
The present invention relates to an integrated circuit having 
capacitive elements for smoothing a supply voltage. 

Integrated circuits are known in a multiplicity of 
embodiments and do not need to be explained in further 
detail. The smoothing of the supply voltage of integrated 
circuits by capacitors proves to be advantageous because the 
relevant integrated circuits can, as a result, operate in a 
manner free from interference and have a reduced 
electromagnetic emission. In this case, it is particularly 
advantageous, for reasons of area optimization in particular, 
if the capacitors which are provided for smoothing are 
likewise integrated in the integrated circuit. However, the 
capacitors provided in integrated circuits require a great 
deal of chip area in comparison with other integrated 
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elements, which results in that the respective integrated 
circuit often becomes relatively large and hence also 
expensive, susceptible to faults and unwieldy. 



Japanese Patent Application JP 2-250 370 A describes an 
integrated circuit in which the capacitors serving to smooth 
the supply voltage are disposed underneath the corresponding 
supply tracks via which the integrated circuit is supplied 
with the supply voltage . The capacitors are formed there by 
the interaction of poly sections, formed in a polysilicon 
layer of the integrated circuit, and the substrate regions 
lying underneath. All or some of the negative accompanying 
phenomena described above can be avoided in this way. In 
particular, the provision of capacitors provided for 
smoothing the supply voltage does not mean, or at any rate 
does not necessarily mean, that an integrated circuit that i 
constructed in such a way becomes larger than integrated 
circuits which do not contain such capacitors. However, to 
date the capacitors described in the Japanese Patent 
Application JP 2-250 370 A have, in many integrated circuits 
not sufficed to smooth the supply voltage to the desired or 
required extent . 

This is quite generally due to the fact that the so-called 
on-chip capacitances described above have a very large 
resistive component in their connection impedances, which 





-2- 




GR 98 P 5933 



results essentially from the high sheet resistances of the 
polysilicon or diffusion electrodes that are used in 
particular in the case of on-chip gate capacitances. This 
high resistive component in the connection impedances brings 
about a very low degree of attenuation at high frequencies, 
as a result of which high-frequency AC voltage components can 
be emitted into the system surrounding the integrated 
circuit, where such electromagnetic emissions can lead to 
interference with sensitive circuit elements. 

Summary of the Invention : 

It is accordingly an object of the invention to provide an 
integrated circuit having capacitive elements that overcomes 
the disadvantages of the prior art devices of this general 
type. 

Taking the prior art as a departure point, the present 
invention is based on the object, therefore, of developing an 
integrated circuit of the generic type in such a way that the 
supply voltage of the circuit can be smoothed in the best 
possible way, in particular even in the case of high- 
frequency signals, without this being accompanied by an 
enlargement of the integrated circuit. 

With the foregoing and other objects in view there is 
provided, in accordance with the invention, an integrated 
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circuit including a first supply track to be connected to a 
first supply potential and a second supply track to be 
connected to a second supply potential. The first supply 
potential and the second supply potential supply a supply 
5 voltage, and the first supply track and the second supply 
track form a first metallic layer. At least one second 
metallic layer having at least one third supply track to be 
connected to the first or second supply potential is 
provided. The second metallic layer is disposed in each case 

10 above the first metallic layer. At least one first 

capacitive element is disposed below the first metallic layer 
and the at least one third supply track and the first supply 
track and/or the second supply track define at least one 
second capacitive element. The first and second capacitive 

15 elements are provided for smoothing over the supply voltage. 

The present invention makes it possible to provide, below the 
respective supply tracks, a maximum number of capacitors 
having an optimum efficiency. The total capacitance 

20 resulting from the parallel circuit of the respective 

capacitances is a maximum and can consequently smooth the 
supply voltage as optimally as possible, in particular even 
in the high-frequency range of the integrated circuit, 
without this being accompanied by an enlargement of the 

25 integrated circuit. 
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■ Since the regions below the supply tracks are typically not 
utilized at all in conventional integrated circuits, the 
integrated circuit, as a result of the integration of at 
least two capacitors which are connected in parallel with one 

5 another, does not become larger, or at most becomes minimally 
larger, than would be the case if there were no capacitor 
integration. The integrated circuit according to the 
invention can therefore be accommodated on a minimum area. 

10 Furthermore, the proximity of the capacitors to the supply 

tracks which conduct the supply voltage to be smoothed makes 
it possible for the electrical connections which are required 
in order to dispose the capacitors effectively between the 
two poles of the supply voltage to be configured to be 

15 extremely short, as a result of which the integrated circuit 
is simple in its structure and in its production and is also 
reliable in operation. 

In accordance with an added feature of the invention, the at 
20 least one first capacitive element is connected in parallel 
with the at least one second capacitive element. 

In accordance with an additional feature of the invention, 
the at least one first capacitive element is one of a 
25 plurality of first capacitive elements disposed below both 

the first supply track and below the second supply track, and 
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the at least one second capacitive element is one of a 
plurality of second capacitive elements. 

In accordance with another feature of the invention, the 
second capacitive elements each have a capacitance and 
the first capacitive elements each have a capacitance at 
least a factor of 10 greater than the capacitance of the 
second capacitive elements. 

In accordance with another added feature of the invention, 
a substrate having doping regions formed therein is provided 
along with a polysilicon layer having at least one poly 
section disposed above the substrate. The first capacitive 
elements are formed by an interaction of the poly section 
formed in the polysilicon layer and the doping regions formed 
in the substrate . 

In accordance with another additional feature of the 
invention, an insulating material is disposed between the 
poly section and the first and second supply tracks. The 
insulating material has a plurality of plated- through holes 
formed therein connecting the first supply track of the first 
metal layer to the poly section. 
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In accordance with yet another feature of the invention, the 
second capacitive element is formed by an interaction of the 
third supply track and the first supply track. 

In accordance with a further feature of the invention, the 
second capacitive element is formed by an interaction of the 
third supply track and the second supply track. 

In accordance with a further added feature of the invention, 
the first capacitive elements and the second capacitive 
elements each have a capacitive component and a resistive 
component connected in series with the capacitive component. 
The resistive component of the second capacitive elements 
result from conductances of the first metallic layer and the 
at least one second metallic layer. The resistive component 
of the first capacitive elements result from conductances of 
the poly section and of corresponding ones of the doping 
regions in the substrate. 

In accordance with a concomitant feature of the invention, 
the resistive component of the first capacitive elements is 
at least a factor of 10 greater than the resistive component 
of the second capacitive elements. 

Other features which are considered as characteristic for the 
invention are set forth in the appended claims. 
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Although the invention is illustrated and described herein as 
embodied in an integrated circuit having capacitive elements, 
it is nevertheless not intended to be limited to the details 
5 shown, since various modifications and structural changes may 
be made therein without departing from the spirit of the 
invention and within the scope and range of equivalents of 
the claims. 



Q 10 The construction and method of operation of the invention, 
HI however, together with additional objects and advantages 

£7 thereof will be best understood from the following 

^ description of specific embodiments when read in connection 

Q with the accompanying drawings . 



M= 15 
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Description of the Preferred Embodiments : 

In all the figures of the drawing, sub- features and integral 
parts that correspond to one another bear the same reference 
symbol in each case. Referring now to the figures of the 
drawing in detail and first, particularly, to Fig. 1 thereof, 
there is shown schematically, in a sectional view, a basic 
structure of an integrated circuit having capacitive elements 
provided for smoothing a supply voltage. With regard to Fig. 
1, it should be noted at the outset that Fig. 1 - even though 
it is a sectional view - does not depict any hatching for 
reasons of clarity. 

The integrated circuit that is considered in the present case 
may be any kind of integrated circuit, in particular a CMOS 
circuit. Fig. 1 merely partially illustrates a portion of 
the integrated circuit. In this case, the integrated circuit 
is integrated in a substrate S, which, for example, may be a 
semiconductor body composed of silicon. Disposed above the 
substrate S at a first distance Dl is a poly layer P, 
composed of polysilicon for example. Provided above the poly 
layer P is a first metal layer Ml disposed at a distance. 
Provided above the first metal layer Ml at a second distance 
D2 is a second metal layer M2 . 

The exemplary embodiment in Fig. 1 thus shows the two metal 
layers Ml, M2 and the poly layer P lying underneath. 
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However, this does not preclude the possibility of still 
further metal layers and/or further poly layers being 
provided above the substrate S having the integrated circuit. 
The interspaces between the individual layers and/or the 
5 substrate S are filled by an insulating material 20 which 
typically contains silicon dioxide. 

The structures of the first metal layer Ml that are shown are 
a first supply track 1, which is connected to a first supply 
10 potential VI, and a second supply track 2, which is connected 
to a second supply potential V2 . Via the first and the 
second supply tracks 1, 2, the supply voltage is fed to those 
locations in the integrated circuit at which the supply 
voltage is required. In this case, by way of example, the 



15 first supply potential VI may be a VDD potential and the 
second supply potential V2 may be a VSS supply potential. 
The second metal layer M2 contains a third supply track 3, 
which is likewise connected to the first supply potential VI 
in the exemplary embodiment shown. 



The poly layer P contains one or more poly sections 4 and is 
connected to the first supply track 1 via first plated- 
through holes 5 . The second supply track 2 is connected to 
the substrate S via second plated- through holes 6. 



20 



25 
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The first supply track 1 is thus coupled via the poly section 
4 in a known manner via a first capacitive element (first 
capacitor) 11 to the substrate S and thus to the second 
supply track 2. As will be described in more detail, the 
5 first capacitor 11 is disposed essentially below the supply 
tracks 1, 2 and is formed by the interaction of the poly 
section 4 and the substrate S. 

According to the invention, moreover, at least one second 
capacitive element (second capacitor) 12 is provided, which 
is formed from the interaction of the second supply track 2 
and the third supply track 3 . 

In the exemplary embodiment as shown in Fig. 1, the 
semiconductor body contains the n-doped substrate S. It goes 
without saying that it would also be conceivable to use a p- 
doped or undoped substrate S. A p-doped well 7 is embedded 
in the substrate S. The well 7 may have been introduced into 
the substrate S by a diffusion process, by ion implantation 
with an optionally subsequent thermal step, by of deposition, 
etc . 

At least one zone 9 is embedded in the well 7 at a surface 8 
of the substrate S. The zone 9 is heavily n-doped in the 
25 present exemplary embodiment. In this case, the zone 9 may 
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likewise have been introduced into the well 7 by diffusion or 
ion implantation, as described above. 

Typically, but not necessarily, the first zone 9 constitutes 
a channel implantation or a channel diffusion for the 
integrated circuit fabricated using CMOS technology or for 
the gate capacitances 11 of the integrated circuit. 

The zone 9 is connected to the second supply track 2 via the 
second plated- through holes 6. The aforementioned zone 9 and 
the second plated- through holes 6 thus form the substrate 
contacts, the function and method of operation of which are 
known and do not require any further explanations. 

In accordance with the illustration in Fig. 1, the two 
capacitors 11, 12 are provided, as already described, the 
first of which is provided below the supply tracks 1 and 2 
and the second of which is provided above the supply track 2. 
The structure and the configuration of the capacitors 11, 12 
described are, as has already been mentioned above, 
illustrated only in a highly diagrammatic fashion in Fig. 1. 

The first capacitor 11 situated below the supply tracks 1 and 
2 is formed by the poly section 4, the zone 9 provided 
underneath in the substrate S or the well 7, and the 
insulating material 20 lying in between. The second 
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capacitor 12 is formed by the overlapping areas of the second 
and third supply tracks 2, 3 and the insulating material 20 
situated in between. 

As is evident from Fig. 1, the first capacitor 11 provided 
for smoothing the supply voltage is situated essentially 
below the supply tracks 1, 2. The poly section 4, which to a 
certain extent constitutes one of the capacitor plates, is 
likewise essentially disposed below the supply tracks 1, 2. 

Particularly if the poly section 4 of the first capacitor 11 
has a very large area, it is advantageous if the poly section 
4 is connected to the first supply track 1 via a multiplicity 
of the first plated- through holes 5, which are advantageously 
disposed at the same distance from one another and in a row. 
As a result, the real parts of the capacitor impedances can 
be kept low, which is highly significant in particular for 
the high-frequency behavior of the capacitors 11. 

Furthermore, it proves to be particularly favorable if 
approximately equal parts of the non- reactive resistance of 
the first capacitor 11 are caused by the zone 9 and the poly 
section 4. Typically, but not necessarily, the regions of 
the zone 9 that are illustrated in Fig. 1 are configured to 
have considerably larger areas than the relevant poly section 
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The same applies correspondingly, of course, to the second 
supply track 2 as well; in this case, it is advantageous, in 
particular also for reasons of effectiveness, if the second 
supply track 2 is essentially covered by a single, large- 
area, namely the third, supply track 3. Since the second and 
third supply tracks 2, 3 are typically configured to be 
metallic, the real part or the resistive component in the 
capacitor impedance of the second capacitor 12 is, as a rule, 
negligible compared with the imaginary part thereof. 

The schematic illustration in Fig. 1 illustrates merely a 
single poly section 4 and a single supply track 1, 2, 3 in 
each case. It goes without saying that an integrated circuit 
may have a multiplicity of such supply tracks 1, 2, 3 and 
also a multiplicity of poly sections 4. Typically, however, 
the separate zone 9 need not be assigned to each poly section 
4; it is also possible to provide a single, large zone 9 for 
all the poly sections 4 . 

The configuration of the capacitors 11, 12 below the supply 
tracks 1, 2, 3 proves to be advantageous in a number of 
respects. First, because this space in an integrated circuit 
is not usually utilized in other ways and the configuration 
of the capacitors 11, 12 at this location consequently does 
not lead to an enlargement of the integrated circuit . 
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Secondly, it is advantageous that the indispensable 
connections between the supply tracks 1, 2, 3 and the 
capacitors 11 , 12, wherever the latter are provided, can 
consequently be produced in a particularly simple and elegant 
5 manner. 

For the structure shown in Fig. 1, therefore, an equivalent 
circuit diagram is produced which is described in more detail 
below with reference to Figs. 2a and 2b. 

10 

The parallel circuit formed by the first capacitor 11 and the 
second capacitor 12 and illustrated in Fig. 2a thus results 
from the structure shown in Fig. 1. The capacitors 11, 12 
are typically to be regarded as not ideal, i.e. in addition 

15 to a capacitive component they also have an inductive and 
resistive component. A series circuit formed by a first 
capacitance C MO s/ a first inductance L MO s and a first 
resistance R MO s thus results for the first capacitor 11, which 
is also referred to as MOS capacitor below. The impedance 

20 Z M0S (S) of the MOS capacitor 11 is calculated in known fashion 
as follows: 
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In this case, S designates the complex frequency- 
parameters S= a + jco. 

A series circuit formed by a second capacitance C MET , second 
inductance L MET and second resistance R ME t results in an 
equivalent manner for the second capacitor 12, which is 
referred to as a metal capacitor below. The corresponding 
impedance Z MET (S) of the metal capacitor 12 is calculated in 
an equivalent manner as follows: 



i io 



J) 

, / \ \ Zmet(S) = Rmet + S-Lmet + 



The first series circuit resulting from the elements of the 
MOS capacitor 11 and the second series circuit resulting from 
15 the elements of the metal capacitor 12 are connected in 

parallel with one another. Consequently, the total impedance 
Z(S) for this parallel circuit turns out to be 

. Z(S) = ^ MOS ' ^ MET 

MOS MET 

20 

The parallel circuit formed by the first series circuit and 
the second series circuit is in this case disposed between 
the first supply potential VI and the second supply potential 
V2 . 

25 
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The particular advantage of the parallel circuit is that the 
first capacitive element C M os is dimensioned to be very much 
larger than the second capacitive element C M et- This is due 
in particular to the fact that the plate separation Dl of the 
5 first capacitive element C MO s is generally considerably 

smaller than the plate separation D2 of the second capacitive 
element C ME t/ which accordingly results in that the first 
capacitor 11 has a much larger capacitance than the second 
capacitor 12. In this case, Dl usually designates the plate 
Q 10 separation of a gate capacitance; in the case of an 

ffS 

integrated circuit, depending on the technology used, Dl 

Q 

fT varies in the range of a few nanometers (e.g. 5-15 nm) . In 

Ln 

.f» comparison with this, the plate separation D2 is typically at 

g least a factor of 10 greater than the plate separation Dl 

15 (e.g. D2 > 100 nm) . 

The inductive elements L MOS , Lmet result from the fact that the 
corresponding capacitive elements C M0S , C MET generally do not 
constitute ideal capacitances; rather, real capacitances also 
2 0 quite generally have a non-negligible inductive component 
which becomes increasingly apparent in particular in the 
high-frequency region of the impedance curve. 



The first resistive element R MO s results essentially from the 
25 resistance of the poly section 4 and also from the sum of the 
diffusion resistances of the zones 7, 9. The corresponding 




GR 98 P 5933 

conductances of the supply tracks 1, 2 are small by 
comparison therewith and can generally be disregarded. 

The second resistive element R MET results essentially from the 
resistances of the supply tracks 2, 3. Ideally, the 
resistance of the second resistive element R MET is virtually 
zero and can be disregarded compared with the very much 
larger resistance of the first resistive element R M os- 




The respective impedance curves as a function of the 
frequency f are illustrated in Fig. 2b. In this case, the 
curve designated by (B) designates the impedance curve for 
the MOS capacitor 11 and the curve designated by (A) 
designates the impedance curve for the metal capacitor 12. 
The solid bold curve (C) then designates the total impedance 
curve for the parallel circuit formed by the two capacitors 
11, 12 in accordance with Fig. 2a. 



The total impedance curve (bold curve (C) in Fig. 2b) 
resulting from the parallel circuit exhibits a considerable 
improvement in the frequency response or in the attenuation 
response since particularly the low- impedance range between 
capacitive and inductive components has been significantly 
widened. As is known, the capacitive component is 
predominant in the low- frequency range through to the minimum 
of the impedance curve being reached, while the inductive 
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component is predominant in the succeeding, higher- f requency 
range. This behavior affords a considerable increase in the 
effectiveness of combined MOS/metal capacitances compared 
with a single, pure MOS capacitance. The MOS capacitance 
acts at very low frequencies in the range below 200 MHz, and 
the metal capacitance acts at higher frequencies. 

Consequently, a parallel circuit of at least two capacitances 
11, 12 of this type enables broadband buffering and 
decoupling of high-frequency interference signals. By 
connecting an areally highly effective MOS capacitance 11, 
which, however, is connected with a somewhat higher 
impedance, in parallel with an areally less effective metal 
capacitance, which, however, is connected to the supply 
voltage in a very low- impedance manner, it is possible to 
obtain broadband buffering and thus decoupling of high- 
frequency interference signals. Very high-frequency 
interference components are thus attenuated on the chip and 
no longer pass into the system surrounding the integrated 
circuit . 

Although the structure illustrated in Fig. 1 is currently 
regarded as the simplest capacitor configuration according to 
the invention, this should not be understood as a restriction 
of the invention. In principle, the capacitors 11, 12 can 
also be disposed arbitrarily differently below the supply 
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tracks 1, 2, 3. It is particularly advantageous, however, if 
the first capacitor 11 and/or the second capacitor 12 are 
connected with the largest possible area. 

The present invention has been explained in particular using 
a simple single MOS capacitance 11. It goes without saying, 
however, that the invention can also be extended to arbitrary 
integrated circuits, configured for example using CMOS 
technology, with however many of such MOS capacitors 11 as 
are desired. Integrated circuits configured using CMOS 
technology, in particular, typically have at least two of 
these MOS capacitances, which are constructed such that they 
are mutually complementary. 

Furthermore, the present invention has been explained using 
the single metal capacitance 12 connected in parallel with 
the single MOS capacitance 11. In particular, it is also 
particularly advantageous if a plurality of metal capacitors 
12 according to the invention are connected in parallel with 
each MOS capacitor 11. In particular, by virtue of the 
dimensioning of the MOS capacitors 11 and the metal 
capacitors 12 of the parallel circuit, the latter can be 
optimally adapted to the respective frequency spectrum and, 
consequently, very broadband buffering can be achieved. 




* 
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In summary and in conclusion, it may be emphasized that the 
integrated circuit described can be accommodated on a minimal 
area in a very simple manner. 




